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ResearchChallengesAnd Opportunities To EnhanceEcological
Functions In ForestedWetlands
JohnA. StanturfandJ. StevenMeadows
U.S.DepartmentofAgriculture, ForestService,Southern

INTRODUCTION
Protectingwetland valuesand functionsare important

goalsfor forestmanagers.Value andfunctionareeasytermsto

confuse,but theyarenot interchangeable.Societalvaluesare
directlyandindirectlyassociatedwithecologicalfunctions.For
example,forestedwetlandsmaysuppressfloodingdownstream,

which is avalue. Floodplainforestsstorewater,impedeflows,
anddampenflood peakswhich are the underlying functions
that createtheconditions(flood suppression)that societyvalues.

Thebestwayto enhancevaluesin forestedwetlandsis to
maintainor restoreecologicalfunctions. Althoughwe have
little quantitativeunderstandingof ecosystemfunctions in

forestedwetlands,wecanbe certainthat goodmanagementof
existing forests, rehabilitation of degradedforests, and
restorationof forestson clearedagricultural land are waysto
enhanceecologicalfunctions in forestedwetlands.

In this paper,we will discusscurrenttrendsin research
on forestedwetlands,primarily from a southernperspective,
within a contextof sustainableforestry. We will then use a
conceptualmodel, the self-renewal— rehabilitation —

restorationcontinuum(Maini 1992),to discussresearchneeds
in southernbottomlandhardwoodforests.

SUSTAINABLE FORESTRY, THE
NEW POLICY PARADIGM

Much ofthe researchagendatodayissetby policy debates,
especiallyin federalagenciesthat haveembraced“ecosystem
management”. Long-termsiteproductivity and sustainable
developmentaretwo otherconceptsfeaturedin policy debates,
andthesethreeconceptscanberelatedinanhierarchicalfashion.

Long-termsite productivity is a critical componentin the
decisionmatrix for ecosystemmanagement,itself a necessary

componentof sustainableforestry (Briggset al. 1995).
Long-termsite productivity(subsumedby the emerging

conceptof soil quality) is concernedwith maintenanceof the
productivecapacityof forest sites. In its simplestform, it
comprisesasite’s inherentfertility, aeration,stability,moisture,

andmicroclimate.Thesecharacteristicsarenot fixed quantities,
however,and that’swherethe complexityarises. Exogenous
influencesand otherperturbationscanenhanceor degradesite
productivity. Someinfluencesareundera manager’scontrol,

suchas fertilization andirrigation. Many influencesare not,
such as flooding, air pollution, and global climatechange.
Historically,muchofourresearchhasconcentratedatthislevel

of siteandstand,on defining productivityin termsof timber
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andwildlife values. Recently,the focusof this researchhas
shiftedtowarddefiningsiteproductivecapacityinbroaderterms
andover longer time horizons. Intensivelyculturedpine and
eucalyptussystemshaveshortenedrotationlengthstothepoint
wherewecancompareproductivityoverseveralrotations,and
thereare concernsthat somepracticeslowersite productivity

(Powerset al. 1990). Thelackof suchconcernsin intensively
culturedcottonwood,however,is probablydueto much higher
inherentsoil fertility (Francis1985,Nelsonet al. 1987).

Ecosystemmanagement(EM) has beenembracedby
severalfederalagencies,led by the USDA Forest Service.
Although thereremainsmuch confusionandcontentionover
exactly what EcosystemManagementis (Grumbine 1994) or
how toapply it inpractice,Irland(1994)listedtheprimaryissues
ofconcernto EM: 1) long-termsiteproductivity,in itsbroadest
sense,2) biologicaldiversity, and3) landscapepattern.

Much of the writing on EM is concernedmorewith the
processof managingin an ecosystemcontext,and less with
measurableoutcomes. Public input andcross-ownership
coordinationaretopicsthathavereceivedmuchattention(Irland
1994). Two contentiousissues,we believe,form the basisfor
differing viewson what ecosystemmanagementmeans: who
gets to decide,and what are acceptablelevels of human
intervention(management)ofecosystems?Thesequestionsare

operationalizedas what levelsof product flows (goodsand
services)will managerstry to sustain? Thesequestionsare
inextricablylinked to ownershippatterns(therelativemix of
public and privateland) and social attitudestoward private
propertyrights, andto landownerobligationsto providesocial
valueswithout compensation.

Sustainableforestry,in our view, is theemergingpolicy
paradigmthatwill redefinedebateovertheseissues.Sustainable
forestrysubsumesthe concernsof long-termsiteproductivity,

biological diversity,landscapepattern,andecosystemintegrity
(Briggset al. 1995). It directlyaddressestheissuesofwho gets

to decidehowmuchinterventionisallowedintonaturalsystems,
by incorporatinginto thepolicy frameworkeconomicefficiency,
intergenerationalequity, and global patternsof resource
utilization(Briggset al. 1995,Bowyer 1992).

Sustainableforestry has three major elements:
silvicultural/ecologicalsustainability;economicsustainability
andsocial sustainability.Simplyput, tobesustainableaforest
managementsystemmustbetechnicallyfeasible,economically
viable,andsociallyacceptable(Briggsetal. 1995). Sustainable

forestryis anoffshootof sustainabledevelopment,which has
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ieendefinedaseconomicdevelopmentthatmeetstheneedsof

he presentwithout compromisingthe ability of future
~enerationsto meet their own needs(Holdgate 1993).
;ustainabledevelopment,andby extensionsustainableforestry,
uts humanneedssquarelyinto the picture. Sustainability is
iot synonymouswith maintenanceof long-term site
roductivity, as someearlier literature suggested(e.g. Perry

988).

ELF-RENEWAL— REHABILITATION —

~ESTORATION CONTINUUM
We find it helpful to view researchneedswithin the

;onceptualmodel advancedby Maini (1992),wherethe state
)ftheforestecosystemcanrangefrom“natural” to “degraded”
Figure 1). Acrossthis continuum,the stateof theecosystemis
tffected by changes— natural disturbances,management

nterventions,and anthropogenicimpacts. The changes
roducedby theseperturbationsrange from reversibleto

rreversible,dependingon thestateof theforestecosystemand

Ability to Prevent ost of Cur

S.-Self waI.~ Rehabilitation Restoration
5-.

5-.
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State
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Changes
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Figure 1. The SeIf.renewal—RehabiIitation-——f~e5toration continuum
described by Maini (1992), where the “state of the forest” is affected by
reversible or irreversible changes. As the forest moves from a natural
to a degraded state, the ability of the manager to prevent irreversible
changes decreases and the cost of intervention increases.

whetherornotmanagerscaneffectivelyintervene.As theforest

moves-from a naturalto a degradedstate,themanager’sability
to preventirreversiblechangedecreaseslogarithmicallyandthe
costof restoringthehealthof thesystemrisesexponentially.

Conceptually,researchcan be directedat the “natural”

forest where self-renewingprocessesmaintain ecosystem
functions. Most researchin hardwoodson naturalstand
managementfits at this endof the continuum. Many of our
hardwoodstands,however,havebeenhigh-gradedin the past

andsomehavebeenburnedor grazed.Thesedegradedstands
areinneedofrehabilitation,which canbeaccomplishedthrough
appropriatesilviculturaltreatments.Otherstands,however,have

been so degradedthat natural renewal processesare
overwhelmedandmore drastic, andcostly, interventionsare
necessary.Restorationpresumesa lossofecosystemfunction,
for exampleby clearing of the forest and conversionto
agriculture,orby impoundmentof surfaceandgroundwaterby
highwayconstructionresulting in permanentwaterlogging

(Stanturfetal. in press).
In eachareaof theresearchcontinuum,wefaceexciting

researchch4lengesin southernbottomlandhardwoods.Many

ofthesechallenges,furthermore,applythroughoutthehardwood
biome. Althoughit is beyondthescopeof this paperto discuss
eachchallengein detail,wewill describesomeon-goingresearch

in eacharea.

RESEARCH CHALLENGES IN
NATURAL STAND MANAGEMENT

We seefive distinct researchchallengesin natural stand
management: 1) renewal/regeneration,2) biodiversity, 3)
understandingfunctions,4) effectsof managementonfunctions,
and(5) linkageswith aquaticsystems.

RenewallRegeneration
Throughouteasternhardwoodforests,therehas beena

concernwith lack of adequateoak regeneration.A recent
symposiumwasdevotedto this topic(Loftis andMcGee1993)
andit isdifficult to generalizeabouttheproblemorthereseareh-
underwayto addressit. In southernbottoinlandhardwoods,we
have made progresson understandinghow to predict
regenerationpotentialin naturalstands,baseduponatechnique
developedby Johnson(1980). The techniqueis similar to

regenerationpredictionmodelsdevelopedfor otherhardwood
typesin that it emphasizessizeandnumberof stemsof advance
reproduction,andsproutingpotentialof speciesin theexisting
stand(Johnson1977,Loftis 1990,MarquisandBjorkbaum1982,
Sanderetal. 1976,StanturfandMeadows1994). Wehavetested
andmodified Johnson’smodel (JohnsonandDeen 1993.Hart
et al. in press),but importantquestionsremain. How many

regenerationplots mustbe stockedto provide a reasonable
assurancethat regenerationto desirablespecieswill be

successful?Whatwill be thespeciescompositionof the next
stand,giventhe regenerationstockingat different timesafter
harvest?Themethodis only applicablefor completeoverstory
removal;is it robustenoughto apply to otherregeneration

methodsthat result in lessthancompleteoverstoryremoval?
Economicsdictatethatwewill continuetorely onnatural

regenerationin bottomiandhardwoods,andsilvicsdictatethat
regenerationcutsmustbe largeenoughto allow full sunlightto

reachadvancereproductionof desirableshade-intolerantspecies.
Clear-cuttingfavorsthesecommerciallypreferredmoderately
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stream bottomsof the Atlantic Coastal Plain and within the
Lower MississippiAlluvial Valley. The objectivesare to I)
quantify the physical,biological and chemical functions
summarizedinTableI; and2) documentandevaluatetheeffects
ofsilvicultural manipulationon keyfunctionalcapacities.The
project is being conductedin two phases. PhaseI, now
underway,addressesthe first objectiveby selectingfour
representativesystemsand monitoring them overa 4-year
characterizationperiod. During PhaseII, silvicultural treatments

will beimposedto directlyexaminetheeffectsof manipulation
onecologicalprocessesandfunctions(HarmsandStanturf1994;
Stanturfetal. 1995).

Table 1. Functions to be measured on primary sites.

Concurrentwith thecharacterizationeffort, wearetaking
an adaptivemanagementapproachto developingConsensus

ExpertJudgmentmodelsofimportantrelationships(Blisset al.
in press). Social sciencetechniques(networkingandDelphi)
are being usedto definecauseandeffectrelationshipsamong
naturalprocessesoperatingin bottomlandhardwoodecosystems
and to describehow managementactivities directly and
indirectlyaffectnaturalprocessesin thesedynamicsystems.A
secondgoal of this adaptivemanagementcomponentis to

identify, throughconsensus,all factorsthatshouldbeevaluated
in comparingdifferentmanagementsystems.

Effects of Managementon Functions

Timberharvestinghas occurredin southernbottomland
forestsforover200 years,butonly recentlyhaveweexamined
the impactsof this managementtechniqueon ecological

functionsin bottomlands.Hydrologyis thedriving functionin

thesesystems(Mitsch andGosselink93,Lugo et al. 1990),but
we know little quantitativelyabouthydrology, its effectson
productivityandotherfunctions,or how disturbancesimpact
hydrology. Bottomlandhardwoodforestscontributeto the
importantrole of floodplains in regionalhydrologic cycles;
henceimpactsof logging andothermanagementactivities on

waterquality areof paramountimportance. Studiesof long-
term ecosystem responsewill require large-scale,
multi-disciplinarystudieson severalreferencesitessuchasthe
BottomlandHardwood EcosystemManagementProject
(Stanturfetal. 1995),butdefinitiveresultsaremanyyearsaway.

Fortunately,short-termresults from several studiesare

now available(Stanturf1994,LockabyandStanturfin press).
We are awareof no study that shows a long-term effect of

vegetationremovalaloneonhydroperiod,aslong asBMPsare
followed. Roadconstructionmayaffecthydroperiodandwater
quality(Rummeret al. in press),but this is anareathatrequires

further research.While it is commonfor watertablesto remain
highduringseveralgrowingseasonsafterclearcutting,this effect
generallydisappearsas sites revegetate(Aust and Lea 1992,
Perisonet al. 1993).

Bottomlandhardwoodforestscanserveassourcesor sinks

for nutrients (Brinson 1993). Silvicultural manipulations
conceivablycould stimulatedecompositionto such a degree
that manipulatedstandscould becomesourcesof non-point

sourcepollutants(sediment,nitrate, etc.). Most studieshave
shownthemagnitudeof sucheffects to be negligibleandany
effectsto be short-term(Shepard1994). In fact,regeneration
standsmaytrapmoresedimentthanolderstands(Zaebstet al.

in press).
Partial cuttinghasbeenpracticedto improveoverstory

compositionandto controldensity,andmaybeprescribedmore
frequently in the future to developadvancereproduction.
Althoughpartialcuttinghasthebenefitof increasinggrowthof
residualtrees, it canalso stimulateepicormicbranchingand

causedamageto residualstems. While someloggingdamage
is unavoidable,the potential impact on futurestandvaluecan

beexcessive(Meadows1993).
The greatestneed for additional researchis a better

understandingof hydrology,both as ii drives ecological
processesthat affect functions,such as primary productivity
andbiogeochenvicaltransformations,but also as management
actionsaffect hydroperiod. Methodsare neededto quantify

sheetfiowacrossfloodplains,andforexamininganyinteraction
of floodwaterswith groundwater.

Linkageswith AquaticSystems
We needto considerhydrology in a broadercontext,at

the landscapescale.Linkageswith aquaticecosystemsneedto

be consideredin a managementcontext,particularly for
bottomlandsystemssubjectto armual overflow flooding. As
many as 100 speciesof fish are dependenton bottomland

Stand Ecosystem Landscape

Physical Functions
Climate Hydroperiod Flow paths
Sedimentation Hydrologic Linkages

Mass Balance

Biological Functions
Productivity Biodiversity Genetic Diversity
Decomposition NTMBs Landscape Context
Composition Mammals Landscape History
Structure
Woody Debris
Snag Production
Herpetofauna
Microbial Ecology
Arthropods

Chemical Functions
Nutrient Cycling Biogeochemical Water Quality
Sediment Transfers
Soil
Sheettlow
Carbon Cycling
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- Cottonwoodcuttingsareplantedat 12by 12 foot spacing,
with herbicideapplicationand disking during the first two
growing seasonsto control competition. In the spring before
thethird growing season,Nuttall oak seedlingsareplanted in
betweeneveryotherrow of cottonwood.

Cottonwoodcangrow 65 feetinheightandyield 30cords
peracreat age 10 on the heavyclay Sharkeysoils typical of
millionsofacresoftheMississippiDelta(KrinardandKennedy
1983a, 1983b). Yields for otherspeciesare lower than for

cottonwood, Greenashat age 10 on Sharkeysoils hasbeen
shownto rangefrom 27 ft to 30 ft. sweetgumrangedfrom 18 ft
to 21 ft. andsycamorefrom26 ft to 31 ft (Krinard andKennedy
1983b). Thus,cottonwoodgrowth isapproximatelydoublethat
of otherspecies.Volumegrowth followedsimilar trends.

At age 10, the cottonwoodis harvestedand the oak
released.If thecottonwoodis harvestedin thedormantseason,

sproutingoccursand a second,10-yearpulpwoodrotation is
obtained.Previousresearch,however,indicatesthat theyields

in thesecondrotationwill belower. After thesecondcottonwood
rotation is harvested,the 18-year-oldoak forest is released.

Alternatively, selectedcottonwoodstemscanbe retainedafter
either,or both, cottonwoodharveststo increasediversity and
structurein thestand.Therapidestablishmentofaforestcanopy
by cottonwoodmayacceleratenaturalsuccessionby attracting
the birds andsmall mammalsthatare vectorsfor dispersalof
heavyseeds. Cottonwoodmay also beusedto rapidly create
verticalstructure,cavitiesfornesting,anddownedwoodydebris.

Mixed-SpeciesStands
A major researchchallengetoday is restoringmixed-

speciesstandsthatquickly acquirethekind of structurefound
in natural stands. Restorationefforts in the past have
concentratedon establishingsingle-speciesplantations. The
appearanceofaplantationcanbeavoidedby alteringthepattern
of planting, for exampleby plantingin wavy lines ratherthan
straightrows. Mixed-speciesstands,however,arenecessaryto
establishcanopystructuresthat maximize avian diversity

(Stanturf1995).
Multispeciesplantationscanbe establishedin several

typesofmixtures(Goelz 1995,inpress). lntercroppingmixtures
(single speciesrows) andmixed monotypes(speciesin block
plantings)produceanoverallmixture,butspeciesareclumped
in a waythat doesnotmimic naturalconditions.

Methodsforestablishingtruemixtureswill requirebasic

information on how speciescompetewith eachotherduring
earlystanddevelopment,especially~aftercrownclosure. This
line of researchis illustratedby a systematicspacingstudyat
LakeGeorge,MS (Goelz 1991). Thisrathercomplicatedstudy

is investigatingtwo spacingsbetweenindividual stems(6 ft and
9 fi), theproportionsof greenash,Nuttall oak, andwateroak,
and the relationshipbetweensize, distance,and speciesof
neighborand individual-treegrowth. Becauseearlygrowth of

some speciesmay be quite slow, they canbe overtoppedby
competitors. In additionto inherentgrowthrates,competitive
ability is affectedby environmentalconditionssuch as soil

propertiesand flooding frequencyandduration(McKnight et
al. 1981).Therefore,theLakeGeorgespacingstudyis replicated
on two contrastingsoil types.

Landscapepattern
Most reforestationwork occursin small patches,except

for a few largepublicprojects. Manyresearchershavediscussed

the effectsof fragmentationon wildlife, particularly area-
sensitive,interior-dwellingneotropicalmigratorybirds(Robbins

et al. 1989,WilcoveandRobinson1990). Few, however,have
examinedthebenefitsof reforestingin largeblocks,particularly
whenexisting largepatchesare to be connectedby corridors.
The Lake GeorgeRestorationsite (Stanturfet al. In press)
providesan opportunity to evaluatethis hypothesis. The
restorationsite connectstwo of the largestblocks of natural
and restoredbottomland hardwoodforests in the Lower
Mississippi Alluvial Valley, the PantherSwamp National
Wildlife RefugeandtheDeltaNationalForest.Wildlife useof
theareapriorto, andfollowing, restorationis being evaluated.

CONCLUDING THOUGHTS
It isour impressionthatwecouldbedoinga betterjobof

usingwhatwealreadyknowaboutmanaging,rehabilitatingand
restoringbottoinlandhardwoods. If we’re correct, thenthe
linkagebetweenresearchandapplication,commonlytermed
technologytransfer,needsmoreattentionfrom bothscientists
andmanagers.Meetingssuchasthis oneareuseful,butcannot

provide managerswith the specific information and advice
neededeverydayon the job. Thus, we’ll make a plea for
expendingsomeeffort andresourcesto developandacquire
innovative technologytransferproducts. Hereare two ideas
thatwe think will help transfersilviculturalunderstanding.

DemonstrationForests
Nothinggetsanideaacrosslike agoodexample,andnew

techniquesvalidatedby researchneedto be demonstratedon
an operationalscale. Suchwas themotivation behindthe20-
acretreatmentplots in the study of cottonwood-Nuttalloak
interplanting(StanturfandShepard1995).

Decision-SupportSystems

Site-specificsilviculturalprescriptionsshouldbethenorm
in forestmanagementbut too often thereare countervailing
pressuresto find simple, universallyapplicabletreatmentsto
achievedesiredstandconditions(Stanturfetal, 1993).As Marquis

andTwery(1993,pp. 157)pointedoutregardingoakregeneration,
successwill dependuponthecarefulprescriptionof treatments

tailoredto eachindividual situation.” Decision-supportsystems,
expertsystems,or artificial intelligenceare termsto describe
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